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ABSTRACT 
i 

The distortion approximation for heavy particle collisions 

is developed from a molecular model. 

* 



The Distor t ion Approximation i n  Sca t te r ing  Theory 
LL 

The d i s t o r t i o n  approximation El J for c o l l i s i o n s  between atoms 

and ions a t  l o w  and moderate energies i s  a refinement of the 

standard high energy approximation of Born. It w a s  introduced as 

an a l t e r n a t i v e  t o  the perturbed s ta t ionary  s t a t e  (molecular) 

approximation [2 ]  , which has been found t o  have severa l  ser ious 

defec ts  [3J . Though the o r i g i n a l  der ivat ion employed an atomic 

model, the d i s t o r t i o n  approximation i s  e s s e n t i a l l y  a molecular 

model approximation. To discuss t h i s  we s h a l l  use the r e c t i l i n e a r  

path version of the impact parameter method. 

1, SCATTERING THEORY 

Let the t a r g e t  system be located a t  the o r i g i n  of 

coordinates and l e t  the incident  system move with constant 

ve loc i ty  tT i n  the pos i t ive  d i r e c t i o n  along a l i n e  d i s t a n t  

from the E axis .  The s t r u c t u r e  of the  t a r g e t  i s  represented 

by a Hamiltonian h , and the eigenfunctions of h a r e  2 
with corresponding eigenvalues I ]  Cj) I f  V ( r , R )  i s  the 

operator representing the i n t e r a c t i o n  of the incident  system 

P 

and the t a r g e t ,  and being the pos i t ion  vectors  of the 

a c t i v e  t a r g e t  e lec t ron  and incident  system respect ively,  then 
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r ! ?  

describes the  e lec t ron  s t a t e s  of the  complete s c a t t e r i n g  system, 

We now write (1) as 

with 

f-lo = h +  V d ,  

where Vd and Vod a r e  the diagonal and off-diagonal p a r t s  of 

the operator V i n  the representat ion i n  which h i s  diagonal; 

t h a t  is ,  

where Py\= b)<n I i s  a project ion operator on t o  state 

of the t a r g e t  system. It follows t h a t  b 7  f c p r l  

with 
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Equation (5) describes the e lec t ron  states i n  a molecule with 

e igen f unc t ions Lcpn) and eigenvalues {E,"&.)) . The s c a t t e r i n g  

system (2) therefore  corresponds t o  t h i s  molecule subjected t o  a 

per turbat ion V . od 

We now expand the complete e lec t ron  wave function 9 i n  

terms of the molecular eigenfunctions % &) and eigenenergies 

E,"(fC) , and write 

It follows from (2)  and (7) t h a t  

where 

- od 
uns - 



With i n i t i a l ,  cenddtions 

1 

the cross  sec t ion  describing e x c i t a t i o n  from s t  e 0 t o  state n 

i s  [ 4 3  

2. DISTORTION APPROXIMATION 

A f i r s t  approximation t o  the  required solut ion of (8) 

i s  obtained by assuming t h a t  

other c o e f f i c i e n t s  

involving them may be neglected. This gives 

C,[%; v,u) i s  uni ty  and t h a t  the 

Cs[?; y, v-) [s+o) a r e  s o  s m a l l  t h a t  terms 

and hence 

The corresponding cross sect ion i s  obtained by s u b s t i t u t i n g  (16) i n  (14). 

The r e s u l t  i s  i d e n t i c a l  t o  the  d i s t o r t i o n  approximation of Bates c13 e 
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